Introduction
Most previous species descriptions for the genus Sturnira coincide, implicitly or explicitly, with the evolutionary lineage concept (Mayden 1997) . Hence, species have been considered as independent historical entities, often represented as terminal branches in phylogenic trees. It is along the topology of one of these trees that Pacheco and Patterson (1991) recognized a previously undescribed taxon in phylogenetic hypotheses and named it as Sturnira sp. A (i.e. "EPN E-6722"). This last specimen was "made available" by Luis Albuja, who also mentions it as an undescribed species (Albuja, 1999) . Along in the same chapter on Sturnira, Albuja (1999) mentioned S. sp. B, as a second undescribed species (nowhere, in his book, does Albuja make reference to catalog numbers, except when illustrations are included for some species in several genera). Later, Iudica (2000) proposed new phylogenetic hypotheses for Sturnira, based on a partial sequence of the cytochrome-b gene and a matrix of qualitative morphological characters. He included in his phylogenetic analyses two undescribed species, S. sp. A. and S. sp. B, that were made available to him "through the courtesy of Timothy J. McCarthy and Luis Albuja". By and large, the molecular evidence lead Iudica (2000) to suggest that Sturnira sp. A (i.e. CMNH 112804−112821, now named S. koopmanhilli) and S. sp. B (i.e. "CMNH, 112823" and "CMNH, 112822", which belong to the species being described herein) are independent lineages, endemic to Ecuador, and thus far have not been found in any other region in the Neotropics. Subsequently, McCarthy et al. (2006) described species S. sp. A as S. koopmanhilli. These last authors made explicit reference to EPN 6722, "which was reported as an undescribed species (Sturnira sp. A)" in the work of Pacheco and Patterson (1991) . These authors also included the specimens used by Iudica (CMNH 112804-112821) as paratypes in their work. The variation and boundaries of S. sp. B have remained undiagnosed until now.
It is unfortunate that Gardner (2008) referred to Albuja's Sturnira sp. B as "Sturnira species A". He does not refer to any specimen in particular, but the first line in his account for this species states: "Albuja (1999:127) identified an undescribed species as "Sturnira Sp. B" from northwestern Ecuador". Hence, Gardner's reference must not be confused with previous references to S. sp. A (Albuja 1999; Iudica 2000) which is now S. koopmanhilli. Except for Gardner (2008) , we can be certain that the use of S. sp. B has been maintained in the literature due to the consistent historical references that were previously mentioned.
For some regions in the Neotropics (e.g. the Northern Neotropics), species assigned to Sturnira can be divided into highland (e.g. S. ludovici Anthony and S. erythromos Tschudi) and lowland groups (e.g. S. luisi Davis and S. lilium Geoffroy) . This division appears to correspond not only to two or three monophyletic groups and sister taxa (Pacheco & Patterson 1991; Iudica 2000; Villalobos & Valerio 2002) , but also to an apparently discrete morphological trait related to the presence or absence of certain cusps in the lower molars. de la Torre (1961) was the first to publish a dichotomous key for the genus, and the first to note the difference between lowland species having a defined entoconid and metaconid ("lingual ridge of lower molars divided into metaconid and entoconid"), versus those on highlands characterized by the absence or reduction in both cusps ("lingual ridge of lower molars with no vertical division"). According to Albuja (1999) and Tirira (1999) lowland species of Sturnira include S. lilium, S. luisi and S. tildae de la Torre.
It is among the group of lowland species that Albuja (1999) briefly referred to Sturnira sp. B as occurring in the Choco lowlands of Ecuador, and having a robust skull with highly curved zigomatic arches that project outwards. Herein, we diagnose and name S. sp. B as a new species that has been previously identified as an independent lineage, as part of phylogenetic hypotheses based on molecular evidence (Iudica 2000) . As with any diagnosis of a new species, we explore differences and distances that would suggest the presence of an independent evolutionary lineage. We assess the morphometric space of S. sp. B, measure its variability against other species and interpret its morphological boundaries based on statistical estimates. We also estimate genetic distances and suggest possible phylogenetic relationships.
A justification is made necessary by certain perspectives of taxonomy and systematics that run contrary to the philosophical approach of this study. This study is conceived on quantitative and statistical grounds. It departs, on purpose, from the form used by other descriptions that heavily invested on qualitative, and therefore inherently subjective criteria (sensu Jarrín-V. & Kunz 2008) , and appreciations of variation. Instead, we use mathematics and probability statements of uncertainty. The description of complex morphological variation cannot be made with words, it requires quantitative perspectives. The use of qualitative descriptions is often based on arbitrary and subjective decisions that often contradict each other (Gift & Stevens 1997) . Since quantitatively coded variation is often expressed by explicit statistical methods (Poe & Wiens 2000) ; then, its interpretation may be less affected by the vagueness of language that besets the qualitative description of variation (Tye 1994; Jarrín-V. et al. 2010) . Systematics and taxonomy must be disciplines solidly founded within the full framework of science. Moreover, since science is not based on arguments from authority; then, to provide personal appreciations of color and shape in a description does not provide evidence. On the contrary, to measure and quantify variability within the context of hypothesis testing (i.e. statistics) is to provide evidence of its validity within the framework of modern scientific thought and falsificationism (Popper 1934) . In this sense, we do not believe that verbally describing character states, in characters such as facial structure (i.e. vibrissae, noseleaf, warts, etc.) , length of hair, number of bands on dorsal and ventral hairs, etc., help to understand variation and boundaries among species (sensu Jarrín-V. & Kunz 2008) . Many of these characters can and must be interpreted quantitatively and under the sieve of statistical inference (sensu Thiele 1993) . Very few will dissent with one of the fathers of the modern synthesis who suggested that: "All organisms and organic phenomena are composed of unique features and can be described collectively only in statistical terms" (Mayr 1959, p. 2) . Thus, we do not follow the verbal description of characters states for which we do not have evidence they can be qualitatively described or even represent real differences among species.
Methods
Morphological data analysis. A total of 279 individuals were available for the morphological analyses (Appendix 1) and are housed as follows: Departamento de Ciencias Biológicas, Escuela Politécnica Nacional, Quito (EPN); Museo de Zoología, Pontificia Universidad Católica del Ecuador, Quito (QCAZ); and Museo Ecuatoriano de Ciencias Naturales, Quito (MECN). These specimens were collected from the lowlands of Ecuador, on both sides of the Andes, below 1000 m, and correspond to at least four putative species or taxa: Sturnira lilium, S. luisi, S. tildae and S. sp. B. Our analysis was based on 27 characters (linear measurements) of the body and skull ( Fig. 1 ; Appendix 2). These interlandmark characters were transformed to natural logarithms to improve properties of normality. The skull characters were those used mostly by Iudica (2000) , with the addition of the height of the skull (HS), distance between the auditory bulla and incisors (AUL) and angle of curvature of the zygomatic arch (ACM). Characters influenced by articulate structures, such as body length, were not considered for analysis because of their dependency to the fixed position of the specimens (Hayek et al. 2001) . All measurements were recorded to the nearest 0.01 mm using a Fowler Sylvac Ultra-cal IV digital caliper. Only adults, recognized by fused hand-wing epiphyses, were considered for analysis to homogenize data matrices and reduce the effect of nonlinear allometric associations between variables (Pimentel 1992). The dorsal aspect of the skull was digitized to a resolution of 1600 x 1200 DPI and described by a set of 20 landmarks (Fig. 1 ). Skulls were placed directly over the glass plate of the scanner and along its middle line to avoid optical distortions. We assume that any change in the position of the skull with reference to the horizontal plane, due to different lengths of canines, are minimal and will be properly reflected in the signal of shape variables.
The material examined included a random array of missing characters. A number of dried skins included severed forearms, or missing wing or foot bones, and various skulls had broken parts or missing teeth. In general, 25% of the data was missing for any variable in any dataset or matrix. A simple maximum likelihood imputation method (an expectation-maximization or EM algorithm) was used to replace missing values (Graham & Hofer 2000; Little & Rubin 2002) . However, missing values for ACM were excluded from the imputation method, because this character was considered at a later stage of the process of data acquisition. No missing characters were present for the geometric morphometric analysis of the skull. Thus, sample number may vary depending on the analysis, but this is noted when appropriate.
We combined information provided by both linear measurements and landmark-shape data. By using landmark data instead of linear measurements or ratios, resultant shape variables are mathematically free of isometric effects. With landmark data, the spatial relationships among landmarks are expressed as geometric configurations that can be depicted as deformation grids (in the spirit of Thompson, 1917) . The decomposition of shape and size can be studied by principal components (i.e. relative warps) that represent directions of maximum variation (Rohlf & Marcus 1993; Rohlf et al. 1996; Rohlf 1999) . Geometric samples were projected onto the tangent space by an orthogonal projection. The affine components were included by keeping the α parameter null (Rohlf 1993) and estimated by the complement method (Rohlf & Bookstein 2003) . Aligned specimens were scaled to unit centroid size (CS) (Dryden & Mardia 1998) . The distribution of samples along morphometric space was estimated by plots among PCs, RWs and the ACM. The geometric morphometric analysis was made with the TPSdig and TPSrelw modules developed by James Rohlf (Department of Ecology and Evolution, State University of New York, Stony Brook, freely distributed online at http://life.bio.sunysb.edu/morph/). We used a Kolmogorov-Smirnov test (K-S), corrected for bias in sample size by a Lilliefors Significance Correction, to assess the goodness of fit to normality of frequency distributions for forearm (FA) and greatest length of the skull (GLS). A principal component analysis (PCA), based on the variance-covariance matrix, was used to extract major components of variation from the 27 linear characters (ACM excluded). Although rotations of components are expected to improve the interpretation of variation; in this particular case, we found that the unrotated solution was best to differentiate the new species from other samples. The first five PCs, with eigenvalues above unity, and the ACM were compared among groups (i.e. species and sex) by a multivariate analysis of variance (MANOVA). The MANOVA included the main effect and interaction between species and sex. This interaction term was included to determine whether sex differences remained constant among species. We used Pillai's trace statistic (PT) as an estimate of probability against the null hypotheses (i.e. no differences in group means). This is a relatively robust and conservative statistic compared to others of similar kind (Olson 1974) . Complementary to probability values, we also included estimates of effect size as partial-eta squared values (η 2 ), and tests of model robustness (homogeneity of error variances and variance-covariance matrices). The evaluation of multivariate parameters, statistical tests, and graphs were made using SPSS v. 17.0.0 (SPSS 2008) .
The species membership of each of the 279 sampled individuals was determined a priori by criteria for classification found in the dichotomous key from Gardner (2008) . However, it is important to note that most criteria used in this kind of dichotomous keys are based mostly on an historical process by which assumed diagnostic characters are often transferred from author to author, and where their reliability is often unknown (Jarrín-V. & Kunz 2008; Jarrín-V. et al. 2010) . Thus, we focused primarily on the distance and boundaries of the sample representing the new species, relative to the rest of the samples. In this sense, the putative membership of samples in Sturnira lilium, S. luisi and S. tildae is of secondary importance to our goal of presenting evidence for the existence of a distinct lineage and describing its morphological variation and boundaries.
Molecular data analysis. Partial sequences of the cytochrome b gene were used to estimate the phylogenetic relationships and distances among species in Sturnira. The set of sequences for the analyses belong to the database of multiple sequence alignments (PopSet), and was submitted by Carlos Iudica (CAI) and collaborators to GenBank. The set used, with GeneInfo number (GI) 33314759, was reduced to match the same samples that were used by Iudica (2000) , with exception of Sturnira nana CAI240, which was replaced in this case for the available S. nana CAI243. Also, the original sequences reported for both S. sp. A. (CAI180 = CMNH 112812) (now S. koopmanhilli) and S. sp. B (CAI226 = CMNH 112822) were obtained from Iudica (2000) and included in the main sequence matrix. Since PopSet GI 33314759 is an aligned matrix, this facilitated the alignment by hand of both CAI180 and CAI226. This last specimen, CMNH 112822, was made available to Iudica by L. Albuja and T. McCarthy, and is part of the S. sp. "B", that was mentioned by Albuja (1999) as a distinct undescribed species. The protocol for the extraction, purification and amplification of molecular sequences is explained in Iudica (2000) . The list of individuals included in the matrix of molecular data is detailed in Appendix 3.
The appropriate model of nucleotide substitution, as estimated through jModelTest v. 0.1.1 (Guindon & Gascuel 2003; Posada 2008) , and selected by the Akaike Information Criterion (AIC), was the GTR+I+Γ. However, genetic distances among species were also calculated accordingly to the Kimura 2-parameter model (K80) (Kimura 1980) with no gamma parameter "for purposes of continuity and comparison across several taxonomic ranks" (Bradley & Baker 2001) . K80 distances were estimated with Phylip v.3.6 (Felsenstein 2005) .
A phylogenetic hypothesis was estimated by Bayesian inference (BI) using MrBayes v. 3.1.2 (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003) . This hypothesis was based on a GTR model with a proportion of invariable sites combined with gamma-distributed rate variation across sites (GTR+I+Γ). Although the general structure of the model was constrained in this Bayesian analysis, we assumed no prior knowledge about the probability density functions on its parameters (e.g. substitution rates and nucleotide frequencies) and left these as the default priors in MrBayes (e.g. the probability density as a flat Dirichlet and the gamma parameter as a uniform distribution). This allows the Markov chain Monte Carlo method (MCMC) to generate posterior probabilities for estimating these parameters, assuming no prior knowledge. The analysis was made with partitioned (site specific) codon positions, unlinked estimation of parameters within each partition, and variable rates of substitution per partition (with flat Dirichlet priors). The analysis included 21 million generations, two independent runs, and four chains per run. Hypotheses were sampled each 100 generations and the first 35% of these samples were discarded according to the behavior of the average standard deviation of split frequencies; which at 35% of the total generations reached a value of 0.003. The remaining 65% of the trees and parameters were respectively summarized in a 50% majority rule consensus tree. The parameters for the nucleotide substitution model had values of potential scale reduction factor (PSRF) that approached 1.00 after reaching the 21 million generations. Figure 2 Holotype. QCAZ 120, adult female with skin and skull (S/S). The skull is in excellent condition, while the skin is slightly damaged. Collected on 26 June 1990, by Felipe Campos. Ecuador, Provincia Santo Domingo de los Tsachilas, Bosque Protector La Perla at 200 meters of altitude (0º08'N, 79º30'W), 2 km south of La Concordia (locality # 5 in Fig. 3 ). Other specimens. Additionally, Iudica (2000) mentions two specimens that were "made available" to him "through the courtesy of Timothy J. McCarthy and Luis Albuja V.", one of which is included in this study as part of the molecular analysis (CAI226). These two specimens are from Ecuador, Provincia Esmeraldas, "Near Nueva Vida, 1.9 km N, 10.4 km E Codesa-Sade compound at Río Esmeraldas, Manzano at 450-460 m (0º32'N, 79º17'W)": CMNH 112823 (CAI 181), pregnant, 11 December 1991 (A/S); CMNH 112822 (CAI 226), male, 8 December 1991 (S/S) (locality # 3 in Fig. 3) . Etymology. Perla is a word with deep Latin roots having the same meaning as pearl in modern English (Segura 2006) . Here the term perla is used as a noun in apposition. Figuratively, perla means something very precious. It is also a metaphor to the globular shape of the skull of this species and honors the Bosque Protector La Perla, the locality where the majority of samples were found.
Sturnira perla, new species
Distribution. Known only from the tropical rainforest lowlands of the Choco forests in Ecuador (Fig. 3 , Appendix 1). Its presence may extend to the Colombian Choco. Sturnira perla has been found near the coastal plain (35 m) and up to 220 m. This is the lowest elevational range registered for any other species of Sturnira in Ecuador, with sympatric species reaching higher altitudes up to 1618 m for S. lilium, 1600 m for S. luisi and 1450 m for S. tildae. Diagnosis. Sturnira perla was previously recognized as an independent phylogenetic lineage by Iudica (2000) . The globular shape of the skull is remarkably distinct, not only in terms of Euclidean distances in morphospace as is explained below, but also to the point of being distinguished by simple visual inspection (Fig. 2) . The spherical skull is, in part, the consequence of an extremely blunt rostrum, robust and curved zygomatic arches and globular braincase. Also, the M3W is remarkably larger in this species against every other individual comparison.
Comparisons. Except for the overall architecture of the skull (Fig. 2) , Sturnira perla is externally cryptic, relative to the sympatric species S. lilum, S. luisi and S. tildae. Together, with other lowland species, S. perla shares the "lingual ridge of lower molars with no vertical division" (de la Torre 1961), and therefore is distinguished by this discrete trait from other species in the highlands, such as S. oporaphilum, S. bogotensis, S. erythromos, S. ludovici, and S. koopmanhilli. In this same sense, the presence of four lower incisors distinguishes S. perla from S. bidens and S. nana, both with two lower incisors. Also, and relative to other similar species, the third upper molar (M3) is remarkably large (Table 1) . Thus, S. perla can only be recognized by an inspection of the skinned skull and the quantification of its overall geometric structure. No other morphological characters, as are currently explained in the available literature, show convincing evidence of this species being distinct from other similar and closely related congeners. As it was explained earlier, the verbal and qualitative description of character states inherently relies on typological essences, with no information on distributional properties among species (sensu Mayr 1959; Jarrín-V. & Kunz 2008) . Thus, the qualitative description of characters related to the facial structure (i.e. vibrissae, noseleaf, warts, etc.), length of hair, number of bands on dorsal and ventral hairs, etc., are all irrelevant or dubious characters for the diagnosis of species in this particular case. Perhaps, subsequent studies that consider the statistical distribution of these characters within a quantitative perspective may validate their usefulness for diagnosing species. Dental formula. (i 2/2, c 1/1, p 2/2; m 3/3) x 2 = total 32. This is the same as most species in Sturnira, except for S. bidens and S. nana.
Statistical assessment of morphological variation. Overall size appears as an indistinct trait among lowland species, as can be observed from the frequency distributions for FA and GLS (Fig. 4) . The observed distribution for both traits approaches a normal curve (GLS: K-S = 0.03, df = 278, P > 0.2; FA: K-S = 0.05, df = 278, P = 0.09). This suggests a single statistically normal population; or otherwise, largely overlapping size variation among populations or species (i.e. Sturnira lilium, S. luisi, and S. tildae). A simple inspection on the central tendency and dispersion estimates among species, further suggests that sharp boundaries occur exclusively for the character states of ACM and M3W in S. perla, especially if we consider the confidence interval around the mean (Table 1) . In a similar sense, there are no discernable or separate groups in the first two PCs, except for a noticeable boundary with consistently low values for PC II ( Fig. 5A-B) . High values in PC II represent mostly low values in M3W, as shown for loading indexes (Table 2) . It is important to highlight that there is total overlap along PC I and PC III for S. perla in relation to its congeners. Thus, the differentiation based on this particular approach is one-dimensional. The other components above the unity eigenvalue completely overlap and are of minor comparative interest. On the whole, the MANOVA points towards PC II as the factor responsible for the largest differences among species, with about half of the observed differences provided by this factor (η 2 = 0.55). No other factor shows a large effect in the MANOVA model (Table 3 ). Sexual differences are constant throughout, but with small effect size (i.e. interaction term with P = 0.92 and η 2 < 0.02). Based on the MANOVA, both ACM and PC II are responsi- ble for the differences between Sturnira perla and the other species. In contrast to all other species, differences are also found for S. tildae along PC I; however, the differences along PC I are of minor impact relative to those attributable to PC II (η 2 = 0.17 vs. η 2 = 0.55, respectively) (Table 3) . Overall, the MANOVA shows equal error variances for all response variables, except for PC I. The model does not comply with the requisite for equality of covariance among groups. We assume that the lack of homogeneity of variance-covariance matrices does not represent a serious violation of the assumptions of MANOVA, being this GLS a relatively robust model (Stevens 2002) .
Boundaries are also present in the space spanned by the first two components of shape (i.e. RW 1 and RW 2), a demarcation that is also one-dimensional along RW 1 (Fig. 5C ). Estimates of geometric deformation along the space depicted in Fig. 5C conform to the overall pattern of variation that makes Sturnira perla a clearly distinct shape. Along this space, skulls in the region delineated as S. perla tend to experience an expansion of the braincase, a shortening of the zygomatic region, and a widening of the rostrum, giving other species a comparatively more slender appearance (Fig. 5a-b) . The clearest separation is, nevertheless, obtained in the space spanned by RW 1 and ACM, with a bidimensional demarcation along both characters. The lower corner of quadrant III in this plot is for skulls showing a combination of wide angles for ACM and the characteristic round skull as previously noted (Fig.  5D) . Accordingly, contrast tests on the position of centroids for the space in Figs. 5C and 5D clearly indicate that it is only for S. perla where the observed differences are hardly due to chance. It is worth noting here that each model is robust (i.e. equal covariance matrices and error variance) and there are no differences in variation for shape between males and females for a given species (Table 4) . FIGURE 6. Mean distances for the Kimura 2-parameter model (K80) among species in Sturnira. The largest difference belongs to S. bidens from Peru (CAI208). S. perla maintains average distances to other species, but sufficiently large to support its individuality as an evolutionary lineage according to Bradley and Baker (2001) .
Genetic distances and phylogenetic relationships. The matrix of distances according to the K80 model and the GTR+I+Γ is found in Appendix 4, where the interpretation of the overall pattern is facilitated by color-coded cells. Both matrices are similar, with the same patterns of distance among taxa. For the case of K80 distances, the general pattern is for uniformity among all the ingroup species ( =8.0%, sd=0.04, n=648), except for relatively low x distances (0.05% -2.5%) among the group of Sturnira lilium and S. luisi (CAI246, 229, 146, 121, 104, 12, 5, 1) and between the Central American S. hondurensis Goodwin (CAI219) and S. ludovici (CAI214). The largest average distance is for S. bidens from Peru (CAI208) ( =11%, sd=0.03, n=27). Within the ingroup, S. perla maintains an average genetic distance of 7.1% (sd=0.03, n=27) relative to all other congeneric species (Fig. 6) ; hence, it remains clearly distinct from the lowland group of S. lilium and S. luisi.
It is remarkable that Sturnira perla seems to share more recent common ancestry with the highland group of species (e.g. S. ludovici, S. oporaphilum, S. erythromos and S. bogotensis) -including other typically lowland taxa as S. tildae and S. magna-rather than with emblematic and common species occurring at low elevations as are S. lilium and S. luisi (Fig. 7) . The other lowland species (e.g. S. lilum and S. luisi) are related to S. perla through deeper nodes.The phylogenetic hypothesis presented here represents the one with the highest degree of resolution to be published so far.
FIGURE 7.
A phylogenetic hypotheses inferred from Bayesian posterior probabilities with the GTR+I+Γ substitution model. This hypothesis is a consensus of agreement in bipartitions which are higher than 50% of all trees estimated (136500 trees). Support values at nodes are posterior probabilities. S. perla seems to be more related to highland taxa; a perspective that runs contrary to its general morphology (i.e. shape of cusps in lower molars) and previous phylogenetic hypotheses (Iudica, 2000) .
Our contribution to understand phylogenetic relationships among Sturnira, although not central to the discussion of a new species, must be commented within the context of past phylogenetic propositions, which include all or most species of Sturnira. Owen (1987) used external body and cranial characters in an attempt to define the phenetic and phylogenetic relationships among species in the subfamily Stenodermatinae; his consensus tree did not resolve the relationships among most of the species in Sturnira (Fig 8A) . The analysis by Pacheco and Patterson (1991) was the first phylogenetic assessment made exclusively for Sturnira (Fig. 8B) . Their approach recognized both S. oporaphilum and S. bogotensis as different taxa and sister to S. ludovici and S. erythromos respectively. The other definable lineage was a polytomy formed by S. lilium, S. luisi and S. thomasi. A close relationship between S. lilium and S. luisi, on both morphological and genetic grounds was recognized, also reporting the presence of an undescribed species endemic to Ecuador, named as S. sp. A and currently known as S. koopmanhilli (McCarthy et al. 2006) . More recently, Iudica (2000) , in his unpublished thesis, defined 17 species based on a partial sequence of the cytochrome b gene (Fig. 8C ). Iudica's work redefines S. parvidens and S. hondurensis as valid species. This phylogenetic analysis reinforced the hypotheses suggested previously by Pacheco and Patterson (1991) , that S. ludovici and S. erythromos form sister pairs with S. oporaphilum and S. bogotensis respectively. Two new taxa are Owen (1987) and Pacheco and Patterson (1991) (Fig. 8D ). They presented a consensus tree that, for the first time, characterized a monophyletic group formed by Sturnira lilium, S. luisi, S. tildae, S. aratathomasi, and S. thomasi. They also resolved the relationships for the other species, with S. magna at the base of the Sturnira subgenus, and a ladder-like phylogenetic relationship among the remaining species, with S. mordax and S. ludovici at the base of this subgroup. In spite of being the first study to propose a fully resolved evolutionary hypothesis for the basal groups of the genus, Villalobos and Valerio (2002) did not include the rest of the taxa recognized as valid by Iudica (2000) . Unfortunately, the only phylogenetic hypothesis to receive indexes of topological support was Iudica's ( Fig. 8C) . Within this context, our hypothesis maintains the position of both Sturnira bidens and S. nana as basal. Yet, we suggest that S. nana shares a more common recent ancestor with all other species except for S. bidens, being this last species at the deepest node. There is considerable substructure in the taxa named as S. lilium, with at least two major branches, both of Central and South American origin. Also, S. ludovici shows large substructure, with one branch closer to S. oporaphilum from Peru and other closer to S. hondurensis from Honduras. S. magna, S. erythromos and S. bogotensis seem to share common ancestry. These three last taxa form a sister branch with S. tildae, S. mordax, S. koopmanhilli and S. perla, all four in a politomy. Overall there is strong support for most nodes, except for relatively large uncertainty at two basal nodes holding most of the highland (e.g. S. erythromos and S. ludovici) and lowland species (e.g. S. lilium and S. luisi), with posterior probabilities of 0.51 and 0.64 respectively.
A detailed assessment of these hypotheses is beyond the scope of this study. For now, it may be safe to note that S. perla maintains relatively sound genetic distances to other species; having, in consequence a large branch in our proposed phylogeny. S. perla may have closer affinities to highland species (e.g. S. ludovici and S. erythromos) rather than to lowland taxa (e.g. S. luisi and S. lilium). In this case, Iudica (2000) was unable to find support for any sound relationship of S. perla (S. sp. B) to other taxa.
Conservation status. All 14 specimens known for this species come from a highly devastated area, suffering from an accelerated rate of deforestation (Brooks et al. 2002; Rival 2003 ; Fig. 3 ), amidst a human population affected from increasingly levels of social unrest and poverty (Sierra & Stallings 1998) . The most recent collection records for Sturnira perla are from over a decade ago. The remaining Choco forest in the Neotropics represents 24% of the original landcover and only 18% in Ecuador (Sierra et al. 2002) . Rates of deforestation in western Ecuador are comparatively high, ranging from 2% to 4% per year (Brooks et al. 2002; Sierra & Stallings 1998) , one of the highest rates of loss in Latin America (Rudel 2000) . Seven of the fourteen specimens known for S. perla were collected from an isolated patch consisting of 226 ha of primary forest, known as "Bosque Protector la Perla" (Botero 2004), and surrounded by vast expanses of monocultures consisting mostly of grazing lands, oil palms and banana trees. The Choco is well known for its biological richness (Gentry 1993) , and high levels of vertebrate endemism (Mittermeier et al. 1999; Myers et al. 2000) . According to Chapman (1917:106) , the fauna living in the Choco is highly unique relative to other regions in South America. Some suggest that the Choco contains the highest number of plant species ever to have been reported for 0.1 ha, being perhaps the region with the highest richness of plant species on Earth (Galeano et al. 1998 ). However, this noteworthy but unknown species of mammal may be experiencing a tragedy. The same kind of tragedy that for Susy Sheppard, the late protector and owner of "La Perla", was "to see that wonderful forest, that covered hills and valleys, converted into grasslands" (Botero 2004).
Ecology. Considering that skull shape is a well known indicator of feeding behavior in bats (e.g. Freeman, 1981; Muchhala & Jarrín-V. 2002; Dumont and Herrel, 2003) , the distinct shape of the skull in Sturnira perla, relative to the highly overlapped distribution that other lowland species have in morphometric space, suggests that this species may also be remarkably divergent in its ecological habits, especially those immediately related to feeding behavior. The ecological distinctiveness of S. perla, in direct relationship to its remarkable skull shape, remains as a hypothesis. Further studies are necessary in this sense, especially given the accelerated rate of deforestation in Northwestern Ecuador (i.e. the Southernmost Choco).
Discussion
This lowland new species could be hardly identified as highland taxa (e.g. S. ludovici and S. erythromos or S. bidens Thomas and S. nana Gardner and O'Neill), which remain distinct lineages, each with remarkably dissimilar morphologies (i.e. dental cusps or number of teeth). Also, previous phylogenetic hypotheses (Iudica 2000) suggested this new species is most closely associated with other lowland taxa. These are the reasons why we emphasized on measurements and contrasts within this particular region of morphometric space. Therefore, we compared the new species with its closest sympatric relatives (i.e. S. lilium, S. luisi and S. tildae), since this is the space were the relevant details for the delimitation of the new species are found.
No one has previously analyzed the quantitative space of morphological variation for Sturnira from a geometric morphometric perspective, nor have its quantitative differences been assessed from an statistical point of view. It is along this line of evidence that a remarkable and previously unknown level of morphological overlap is possible to discern for S. lilium, S. luisi and S. tildae (as well as comparatively small genetic distances). The morphological overlap in these three species is a cautionary remark, suggesting to us the need to assess their presence and current distribution with a healthy dose of skepticism (c.f. Jarrín-V. & Kunz, 2008) . In this sense, some may argue there is evidence suggesting that pelage coloration, shape of chin warts, hair density of the uropatagium, or particular dental cusps are valid boundaries for diagnosing or delimiting these three species. Yet, we have not found consistency among these character states (sensu Thiele 1993), at least not from a qualitative point of view, and much less from a quantitative and statistical perspective. So far, we do not argue against the existence of S. lilium, S. luisi and S. tildae as species, but suggest that their morphological boundaries should be appropriately interpreted and measured, and not only verbally mentioned as personal judgments of variation. It is not enough to say that a particular character state is evidence for morphological boundaries among species; instead, it is necessary to show proof of it.
The position of Sturnira perla in the phylogenetic hypothesis in this study contrasts largely with previous phylogenetic hypotheses that suggested this species is sister to lowland groups like S. tildae, S. lilium and S. luisi (i.e. Iudica 2000) . Instead, the molecular evidence suggests that S. perla maintains large genetic distances to lowland groups, which in turn show relatively small distances among them (Appendix 4). Hence, not only does S. perla differentiate itself in terms of an extreme geometry of the skull, but also in relatively large genetic distances according to nucleotide substitution models (sensu Bradley & Baker 2001).
In conclusion, S. perla is a lowland species, having the "lingual ridge of lower molars divided into metaconid and entoconid" (de la Torre 1961); hence, distinguishing itself from all highland species (e.g. S. ludovici and S. erythromos), but also maintaining relatively large morphological and genetic distances with other lowland taxa having high cusps on the lower molars. Both molecular and morphological evidence suggests S. perla is an independent evolutionary lineage.
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APPENDIX 1
List of the 279 specimens used for the morphological diagnosis of Sturnira perla. The complete description of the museum acronyms is included in the main text. Samples are in alphabetical order by species and then by catalog number. Catalog numbers with an asterisk are those included in the geometric morphometric analysis. Numbers in parenthesis next to the localities for S. perla correspond to locations in Figure 3 . 
APPENDIX 2
Linear-measurement characters of the body and skull. Abbreviations are in parenthesis. Most characters are based on those used by Iudica (2000) and other authors (de la Torre, 1961 and Pacheco and Patterson, 1991) . 
